
TITLE OF THE INVENTION 

HETEROJUNCTION FIELD EFFECT TRANSISTOR AND MANUFACTURING 
METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a field effect 
transistor (hereinafter, referred to as FET) using a 
hetero junction epitaxial substrate and a manufacturing method 
thereof . 

2 . Description of the Related Art 

Since an FET of which source/drain area of a 
heterojunction FET is formed in a self -aligning manner with 
respect to the gate electrode using ion implantation has only 
a small parasitic resistance in the source/drain, it is expected 
as a process which realize a high performance enhancement type 
FET (for example, refer to "J. K. Abrokwah et al, GaAs IC 
Symposium Digest, P127-130, 1993") . 

In the above heterojunction FET, for the carrier supply 
layer which supplies electron to the active layer, or for the 
active layer in which no carrier supply layer is provided but 
the active layer itself is doped, a layer doped with Si is mainly 
used . 

However, to activate an ion implanted area which serves 
as the source/drain area, a high temperature annealing process 
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is indispensable. Due to the annealing process, there arises 
such problem as the heteroj unction is changed in nature 
resulting in a deterioration of the FET characteristics. 
Conventionally, as a doping material for the N-type carrier 
supply layer or active layer itself of the epitaxial substrate 
used for the heteroj unction FET, a Si (silicon) donor is mainly 
used. Since the Si donor is a dipolar impurity, due to the high 
temperature annealing process for activating the ion implanted 
area to form the source/drain area, the Si is displaced from 
the ordinary Ga grid position to the As grid position resulting 
in a decrease of activation. Further, due to the 
above-described high temperature annealing process, the Si 
donor forms compound matters with diffused F (fluorosis) -atoms , 
which adhered on the surface of the substrate in the process 
such as hydrofluoric acid processing, etching using CF 4 gas, 
or the like, resulting in an inactivat ion . As a result, the 
carrier density decreases resulting in a deterioration of the 
FET characteristics. It has been reported by HAYAHUJI et al, 
that, particularly in hetero group of InAlAs/InGaAs, the Si 
donor is inactivated by F-atoms in the heat treatment at a 
temperature of around 400°C (Appl.Phys. Lett., Vol.66, P863-865, 
1995) . The inventor et al. has found that the above phenomenon 
occurs also in high temperature annealing process for 
activating ion implanted area. 
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SUMMERY OF THE INVENTION 

The present invention has been proposed in view of the 
above problems. Accordingly, an object of the invention is to 
provide a high performance hetero junction FET of little 
deterioration of the FET characteristics due to annealing 
process for activating ion implanted area and manufacturing 
method thereof. 

In order to achieve the above-mentioned object, in the 
present invention, as a doping material for the N-type carrier 
supply layer and N-type active layer, in place of conventionally 
used Si, Se or Te is used. The Se and Te require a large energy 
for combining with F-atom, and unlike the Si, hardly forms 
compound matter with F-atom. Accordingly, by using these atoms 
as a doping impurity, even when a high temperature annealing 
process is carried out, a hetero j unction FET of little 
deterioration of the FET characteristics can be obtained. 
Further, since both of the Se and Te are atoms from Vl-family, 
in the grid of atom from either Ill-family or V-family, they 
serve as a donor. 

The heterojunction FET of the invention is a 
heterojunction field effect transistor, which comprises a 
semiconductor layer forming substrate formed with a plurality 
of semiconductor layers on a semi-insulat ive substrate, a gate 
electrode formed on the semiconductor layer forming substrate, 
N-type source area and drain area formed by carrying out ion 
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implantation to form N-type semiconductor on predetermined 
areas in the semiconductor layer forming substrate at both sides 
of the gate electrode, and by carrying out annealing process 
for activating the ion implanted areas, an active layer 
including a predetermined semiconductor layer in the plurality 
of semiconductor layers between the source area and the drain 
area, and an N-type carrier supply layer for supplying electron 
to the active layer formed on the upper or both of the upper 
and lower the semiconductor layers of the active layer between 
the source area and the drain area, wherein at least one of the 
semiconductor layers to be the N-type carrier supply layer is 
doped with Selenium (Se) or Tellurium (Te) . 

According to the above structure, in the N-type carrier 
supply layer, doping with Se or Te is made in place of Si which 
is conventionally used. In high temperature annealing process 
for activating the ion implanted areas, which serves as source 
and drain areas, unlike the Si donor, inactivation of donor due 
to reaction with F-atoms occurs scarcely with respect to the 
diffusion of F-atoms on the surface of the semiconductor layer 
forming substrate, which adhered during the process. Further, 
since the Se and Te are impurities from Vl-family, when the Se 
or Te occupies any grid position of atoms from Ill-family or 
V-family, the Se or Te serves as the donor. Accordingly, a high 
performance heteroj unction FET of little deterioration of the 
FET characteristics can be obtained. 
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In the invention, the semiconductor layer that serves as 
the active layer may be an InGaAs layer, and the semiconductor 
layer that serves as the N-type carrier supply layer may be an 
AlGaAs layer. Or, the semiconductor layer that serves as the 
active layer may be an InGaAs layer, the semiconductor layer 
that serves as the N-type carrier supply layer may be an InAlAs 
layer. Or, the semiconductor layer that serves as the active 
layer may be a GaAs layer, and the semiconductor layer that 
serves as the N-type carrier supply layer may be an AlGaAs layer . 

Further, the heteroj unction FET of the invention is a 
heterojunction field effect transistor, which comprises a 
semiconductor layer forming substrate formed with a plurality 
of semiconductor layers on a semi-insulative substrate, a gate 
electrode formed on the semiconductor layer forming substrate, 
N-type source area and drain area formed by carrying out ion 
implantation to form N-type semiconductor on predetermined 
areas in the semiconductor layer forming substrate at both sides 
of the gate electrode, and by carrying out annealing process 
for activating the ion implanted areas, and an N-type active 
layer formed of a predetermined semiconductor layer in the 
plurality of semiconductor layers between the source area and 
the drain area, wherein the semiconductor layer to be the N-type 
active layer is doped with Selenium(Se) or Tellurium (Te) . 

According to the above structure, in the N-type active 
layer, doping with Se or Te is carried out in place of Si which 
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is conventionally used. In high temperature annealing process 
for activating the ion implanted areas, which serves as source 
and drain areas, unlike the Si donor, inactivation of donor due 
to reaction with F-atoms occurs scarcely with respect to the 
diffusion of F-atoms on the surface of the semiconductor layer 
forming substrate, which adhered during the process. Further, 
since the Se and Te are impurities from Vl-family, when the Se 
or Te occupies any grid position of atoms from Ill-family or 
V-family, the Se or Te serves as the donor. Accordingly, a high 
performance heteroj unction FET of little deterioration of the 
FET characteristics can be obtained. 

In the invention, the semiconductor layer that serves as 
the N-type active layer may be either one of InGaAs layer, GaAs 
layer and InP layer. 

Further, the manufacturing method of the heteroj unction 
FET according to the invention is a manufacturing method of a 
hetero junction field effect transistor which comprising the 
steps of forming a semiconductor layer forming substrate having 
a plurality of semiconductor layers including at least a 
semiconductor layer, which serves as an active layer, and a 
semiconductor layer at the upper side or at the both upper and 
lower sides of the active layer, which serves as an N-type 
carrier supply layer for supplying electron to the active layer, 
on a semi-insulative substrate, forming a gate electrode on the 
semiconductor layer forming substrate, and forming N-type 
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source area and drain area by carrying out ion implantation for 
forming N-type semiconductors in predetermined areas of the 
semiconductor layer forming substrate at the both sides of the 
gate electrode and by carrying out annealing process for 
activating the ion implanted areas, wherein, when forming the 
semiconductor layer forming substrate, at least one 
semiconductor layer to be the N-type carrier supply layer is 
doped with Selenium (Se) or Tellurium (Te) . 

According to the above structure, in the N-type carrier 
supply layer, doping with Se or Te is carried out in place of 
Si which is conventionally used. In the high temperature 
annealing process for activating the ion implanted areas, which 
serves as source and drain areas, unlike the Si donor, 
inactivation of donor due to reaction with F-atoms occurs 
scarcely with respect to the diffusion of F-atoms on the surface 
of the semiconductor layer forming substrate, which are adhered 
during the process . Further, since the Se and Te are impurities 
from Vl-family, when the Se or Te occupies any grid position 
of atoms from Ill-family or V-family, the Se or Te serves as 
the donor. Accordingly, a high performance heteroj unction FET 
of little deterioration of the FET characteristics can be 
obtained . 

In the invention, when forming the semiconductor layer 
forming substrate, an InGaAs layer may be formed as the 
semiconductor layer, which serves as the active layer, and an 
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AlGaAs layer may be formed as the semiconductor layer, which 
serves as the N-type carrier supply layer. Or, an InGaAs layer 
may be formed as the semiconductor layer, which serves as the 
active layer, and an InAlAs layer may be formed as the 
semiconductor layer, which serves as the N-type carrier supply 
layer . Or, a GaAs layer may be formed as the semiconductor layer, 
which serves as the active layer, and an AlGaAs layer may be 
formed as the semiconductor layer, which serves as the N-type 
carrier supply layer. The annealing process for forming N-type 
source area and drain area is preferably carried out in a manner 
of lamp annealing. In this case, ion implanted areas, which 
serve as the source area and the drain area, can be activated 
at a high temperature in a short period of time. 

Further, the manufacturing method of the heteroj unction 
FET according to the invention is a manufacturing method of a 
heterojunction field effect transistor which comprises the 
steps of forming a semiconductor layer forming substrate having 
a plurality of semiconductor layers including at least a 
semiconductor layer, which serves as an N-type active layer, 
on a semi-insulative substrate, forming a gate electrode on the 
semiconductor layer forming substrate, and forming N-type 
source area and drain area by carrying out ion implantation for 
forming N-type semiconductors in predetermined areas of the 
semiconductor layer forming substrate at the both sides of the 
gate electrode and by carrying out annealing process for 
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activating the ion implanted areas, wherein, when forming the 
semiconductor layer forming substrate, the semiconductor layer 
to be the N-type active layer is doped with Selenium (Se) or 
Tellurium (Te) . 

According to the above structure, in the N-type active 
layer, doping with Se or Te is made in place of Si which is 
conventionally used. In high temperature annealing process 
for activating the ion implanted areas, which serves as source 
and drain areas, unlike the Si donor, inactivation of donor due 
to reaction with F-atoms occurs scarcely with respect to the 
diffusion of F-atoms on the surface of the semiconductor layer 
forming substrate, which are adhered during the process. 
Further, since the Se and Te are impurities from Vl-f amily, when 
the Se or Te occupies any grid position of atoms from Ill-family 
or V-f amily, the Se or Te serves as the donor. Accordingly, 
a high performance heteroj unction FET of little deterioration 
of the FET characteristics can be obtained. 

In the invention, when forming semiconductor layer 
forming substrate, any one of InGaAs layer, GaAs layer and InP 
layer may be formed as the semiconductor layer, which serves 
as the N-type active layer. The annealing process for forming 
N-type source area and drain area is preferably carried out in 
a manner of lamp annealing. In this case, ion implanted areas, 
which serve as the source area and the drain area, can be 
activated at a high temperature in a short period of time. 
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Brief Description of the Drawings 

FIG. 1 is a cross sectional view showing a structure of 
a heterojunction FET according to a first embodiment of the 
present invention; 

FIG. 2A-FIG. 2F are cross sectional views showing the 
process steps in a manufacturing method of the heterojunction 
FET according to the first embodiment of the invention; 

FIG. 3A is a diagram showing characteristics of the 
heterojunction FET according to the first embodiment of the 
invention, FIG. 3B is a diagram showing characteristics of a 
conventional heterojunction FET; 

FIG. 4 is a diagram showing annealing temperature 
dependence of the sheet carrier density in the epitaxial 
substrate for heterojunction FET according to the first 
embodiment of the invention and an epitaxial substrate for the 
conventional heterojunction FET; 

FIG. 5 is a cross sectional view showing a structure of 
a heterojunction FET according to a second embodiment of the 
invention; 

FIG. 6 is a cross sectional view showing a structure of 
a heterojunction FET according to a third embodiment of the 
invention; 

FIG. 7 is a cross sectional view showing a structure of 
a heterojunction FET according to a fourth embodiment of the 
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invention; 

FIG. 8 is a cross sectional view showing a structure of 
a heterojunction FET according to a fifth embodiment of the 
invention; 

FIG. 9 is a cross sectional view showing a structure of 
a heterojunction FET according to a sixth embodiment of the 
invention; 

FIG. 10 is a cross sectional view showing a structure of 
a heterojunction FET according to a seventh embodiment of the 
invention; and 

FIG. 11 is a cross sectional view showing a structure of 
a heterojunction FET according to a eighth embodiment of the 
invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, referring to the drawings, embodiments of the 
invention will be described. 

( First embodiment ) 

FIG. 1 is a cross sectional view showing a structure of 
a heterojunction FET according to a first embodiment of the 
invention. In FIG. 1, formed on a semi-insulative GaAs 
substrate 101 are an undoped GaAs buffer layer 102, an undoped 
In 0 .2Ga 0 .8As layer 103 that serves as an active layer, an undoped 
Alo.2Gao.8As layer 104 that serves as a spacer, an N-type 
Al0.2Ga0.eAs layer 105 doped with Te, . which serves as a carrier 
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supply layer for supplying electron to the active layer, and 
an undoped GaAs layer 106. Reference numeral 107 denotes an 
N + -type source area formed of an Si ion implanted area, 108 
denotes an N + -type drain area formed of an Si ion implanted area, 
109 denotes a source electrode formed of a material from AuGe/Ni 
group, 110 denotes a drain electrode formed of a material from 
AuGe/Ni group, and 111 denotes a gate electrode formed of WSi/W. 

Next, referring to FIGs. 2A-2F, an example of 
manufacturing method of the heteroj unction FET shown in FIG. 
1 will be described. As shown in FIG. 2A, formed sequentially 
on a semi-insulative GaAs substrate 201 using a MOCVD 
(metalorganic chemical vapor deposition) are an undoped GaAs 
buffer layer 202 of l^m in thickness, an undoped In 0 .2Ga 0 . 8 As 
layer 203 of 15nm in thickness which serves as an active layer, 
an undoped Alo. 2 Ga 0 .8As layer 204 of 2nm in thickness which serves 
as a spacer, an N-type Al 0 . 2 Ga 0 .8As layer 205 doped with Te 
(carrier density: 2xl0 18 cm" 3 ) of 15nm in thickness which serves 
as a carrier supply layer, and an undoped GaAs layer 206 of 5nm 
in thickness to prepare an epitaxial substrate (semiconductor 
layer forming substrate) . 

Then, as shown in FIG. 2B, after forming WSi/W films 
(thickness 10nm/30nm) on the upper surface of the substrate in 
a manner of sputtering, a dry etching of CF 4 /SF 6 mixed gas is 
carried out using a photoresist mask to form a gate electrode 
211 of FET in a predetermined area. 
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Then, as shown in FIG. 2C, a plasma SiN film 212 of 200nm 
in thickness is formed on the upper surface in a manner of plasma 
CVD. In this case, a SiN film 212 of 150nm in thickness is formed 
on the side surfaces of the gate electrode 211. 

Then, as shown in FIG. 2D, a photoresist mask 213 is formed 
in a predetermined area, and Si ion is implanted at an 
acceleration voltage of 80keV, and dose amount of 7xl0 13 cm~ 2 in 
a self -aligning manner with respect to the gate electrode 211 
to form a source area 207 and a drain area 208. Under the 
implantation conditions as described above, although the Si ion 
passes through the plasma SiN film 212 and is implanted in the 
areas to be formed with source/drain, the Si ion does not reach 
the surface of the substrate where is immediately under the gate 
electrode 211 and the plasma SiN film 212 formed on the side 
walls, and the Si ion is implanted into the gate electrode 211 
leaving a gap equivalent to the film thickness of the plasma 
SiN film 212 formed on the side walls of the gate electrode 211. 

Then, as shown in FIG. 2E, after removing the photoresist 
mask 213, using the plasma SiN film 212 as an anneal protective 
film, annealing is made in a manner of lamp annealing for 5 
seconds in an N 2 atmosphere at a temperature of 800°C to activate 
the ion implanted area. Appropriate temperature for annealing 
is 700-850°C; and appropriate annealing time is for 2-15 seconds. 
If these ranges are exceeded, heteroj unction interface is 
largely deteriorated. While, if these ranges are not satisfied, 
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unsatisfactory activation is resulted in. 

Then, as shown in FIG. 2F, using a photoresist mask (not 
shown) , the plasma SiN film 212 in a predetermined area is opened 
in a manner of dry etching using a material from CF 4 group . After 
forming AuGe/Ni/Au films (thickness: 100nm/4 0nm/200nm) in a 
lift-off manner using a resistance heating evaporation system, 
a source electrode 209 and a drain electrode 210 are formed by 
carrying out sintering for 60 seconds in an atmosphere of N 2 , 
at a temperature of 4 00°C to complete the FET. 

FIG. 3A shows characteristics between the gate voltage 
Vgs and the drain current Ids & the transfer conductance gm in 
the FET according to the first embodiment; FIG. 3B shows 
characteristics between the gate voltage Vgs and the drain 
current Ids & the transfer conductance gm in a conventional FET. 
Here, in the conventional FET, the N-type carrier supply layer 
(105, 205) in the structure of the FET according to the first 
embodiment is doped with Si in place of Te. In any case, a 
heterojunction FET having a size of 0 . 5^im in gate length and 
lOOjam in gate width is used respectively. In FIG. 3A and FIG. 
3B, Vth denotes a threshold voltage and is a gate voltage Vgs 
when the drain current Ids of the heterojunction FET is zero. 
Compared to the conventional FET, the FET according to the first 
embodiment has a lower threshold voltage Vth and higher transfer 
conductance gm resulting in a higher saturation drain current 
(Ids) . Thus, it is understood that a satisfactory 
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characteristics is obtained. 

FIG. 4 is a comparison of annealing temperature 
dependence in sheet carrier density (Ns) between the 
heterojunction epitaxial substrate used in the first embodiment 
and the conventional heterojunction epitaxial substrate having 
the same structure as the above and a carrier supply layer (105, 
205) , which is doped, not with Te, but with Si . Reference symbol 
4A denotes the characteristics of the first embodiment; 
reference symbol 4B denotes the characteristics of the 
conventional case. A lamp anneal is used for annealing and 
period of annealing time is fixed to for 5 seconds. FIG. 4 
demonstrates that, in the conventional epitaxial substrate 
doped with Si, the Ns begins to decrease due to annealing at 
a temperature of approximately 500°C or more, and at a 
temperature of 850°C, the Ns is approximately 70% thereof at 
a temperature of 400°C. The reason of this is why F-atoms 
adhered to the surface of the epitaxial substrate during the 
process are, due to the annealing, diffused in the substrate 
forming compound matters with Si atoms resulting in 
inactivation of the Si donors. On the other hand, Te hardly 
reacts with F-atom. In the epitaxial substrate doped with Te 
as the case of the first embodiment, the decrease of the Ns due 
to the high temperature annealing can be reduced. Also, since 
the Te is an impurity from Vl-family, compared to a Si impurity, 
the Te gives fewer influence of grid displacement position due 
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to the annealing. 

As described above, according to the first embodiment, 
in the N-type carrier supply layer (105, 205), doping with Te 
is made in place of Si which is conventionally used. Hence, 
in annealing process for activating the ion implanted area which 
serves as the source/drain area, unlike the conventional Si 
donor, inactivation of donor due to reaction with F-atoms occurs 
scarcely, with respect to the diffusion of F-atoms on the 
surface of the epitaxial substrate, which adhered during the 
process such as hydrofluoric acid treatment, etching using CF 4 
gas or the like. Further, since the Te is an impurity from 
Vl-f amily, when the Te occupies any grid position of atoms from 
Ill-family or V-family, the Te serves as the donor. Accordingly, 
a high performance heteroj unction FET of little deterioration 
of the FET characteristics can be obtained. 

The above-described hydrofluoric acid treatment is used, 
for example, in a washing process of the semi-insulat ive 
substrate (in the first embodiment, semi-insulative GaAs 
substrate) or in a wet etching of the Si0 2 film. Further, the 
etching using the above CF 4 gas is a dry etching of, for example, 
SiN film, Si0 2 film or WSi film. 

( Second embodiment ) 

FIG. 5 is a cross sectional view showing a structure of 
a heteroj unction FET according to a second embodiment of the 
invention. In FIG. 5, formed on a semi-insulative GaAs 
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substrate 501 are an undoped GaAs buffer layer 502, an N-type 
In 0 . 2 Ga 0 .8As layer 503 doped with Te that serves as an active layer, 
an undoped Al 0 .2Ga 0 . 8 As layer 504, and an undoped GaAs layer 505. 
Reference numeral 506 denotes an N + -type source area formed of 
an Si ion implanted area, 507 denotes an N + -type drain area 
formed of an Si ion implanted area, 508 denotes a source 
electrode formed of materials from AuGe/Ni group, 509 denotes 
a drain electrode formed of materials from AuGe/Ni group, and 
510 denotes a gate electrode formed from WSi/W. 

The second embodiment is different from the first 
embodiment in a point that the structure has no carrier supply 
layer, and the active layer is doped with Te. 

The manufacturing method of the heteroj unction FET 
according to the second embodiment is different from the case 
of the first embodiment up to a point that the epitaxial 
substrate is formed; and after the epitaxial substrate has been 
formed, the manufacturing method thereof is the same as that 
of the first embodiment. In the second embodiment, the undoped 
GaAs buffer layer 502, the N-type In 0 . 2 Gao.8As layer 503 doped 
with Te that serves as the active layer, the undoped Al 0 .2Ga 0 .8As 
layer 504, the undoped GaAs layer 505 are formed subsequently 
on the semi-insulative GaAs substrate 501 using a MOCVD 
(metalorganic chemical vapor deposition) to manufacture the 
epitaxial substrate . 

According to the second embodiment, in the N-type active 
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layer (503), doping with Te is made in place of Si which is 
conventionally used. Hence, in annealing process for 
activating the ion implanted area that serves as source/drain 
area, unlike the conventional Si donor, inactivation of donor 
due to reaction with F-atoms occurs scarcely with respect to 
the diffusion of F-atoms on the surface of the epitaxial 
substrate, which are adhered during the process such as 
hydrofluoric acid treatment, etching using CF 4 gas or the like. 
Further, since the Te is an impurity from VI-family, when the 
Te occupies any grid position of atoms from Ill-family or 
V- family, the Te serves as the donor. Accordingly, a high 
performance hetero junction FET of little deterioration of the 
FET characteristics can be obtained. 
(Third embodiment ) 

FIG. 6 is a cross sectional view showing a structure of 
a heterojunction FET according to a third embodiment of the 
invention. In Fig. 6, formed on a semi-insulat ive GaAs 
substrate 601 are an undoped GaAs buffer layer 602, an 
In 0 . 2 Ga 0 .8As layer 603 that serves as an active layer, an undoped 
Alo.2Gao.3As layer 604 that serves as a spacer, an N-type 
Al0.2Ga0.eAs layer 605 doped with Se, which serves as a carrier 
supply layer for supplying electron to the active layer, and 
an undoped GaAs layer 606. Reference numeral 607 denotes an 
N + -type source area formed of a Si ion implanted area, 608 
denotes an N + -type drain area formed of a Si ion implanted area, 
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609 denotes a source electrode formed of materials from AuGe/Ni 
group, 610 denotes a drain electrode formed of materials from 
AuGe/Ni group, and 611 denotes a gate electrode formed from 
WSi/W. 

The structure according to the third embodiment is the 
structure of the first embodiment shown in FIG. 1, in which 
N-type Al 0 .2Ga 0 . 8 As layer 105 doped with Te, which serves as the 
carrier supply layer, is replaced with the N-type Alo. 2 Ga 0 . 8 As 
layer 605 doped with Se. Same as the Te, the Se also hardly 
reacts with F-atom. Also, since the Se is an impurity from 
Vl-family, when the Se occupies any grid position of atoms from 
IH-family or V-family, the Se serves as the donor. The FET 
characteristics deteriorate little against the high 
temperature annealing. Accordingly, the same effect as the 
above embodiments can be obtained. 

The manufacturing method of the heteroj unction FET 
according to the third embodiment is the same as that of the 
first embodiment excepting a point that the N-type Al 0 . 2 Ga 0 .8As 
layer 605 doped with Se is formed in place of the Al 0 . 2 Ga 0 . 8 As 
layer 105(205) doped with Te in the first embodiment. 

Further, it is needless to say that, in the second 
embodiment, even when the N-type In 0 . 2 Ga 0 .8As layer 503 doped with 
Te, which serves as the active layer, is replaced with an N-type 
In 0 . 2 Ga 0 . 8 As layer doped with Se, the same effect as the above 
embodiments can be obtained. The manufacturing method of the 
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heterojunction FET in this case is the same as that of the second 
embodiment excepting a point that the N-type In 0 . 2 Ga 0 .8As layer 
doped with Se is formed in place of the N-type In 0 . 2 Ga 0 .8As layer 
503 doped with Te in the second embodiment. 
( Fourth embodiment ) 

FIG. 7 is a cross sectional view showing a structure of 
a heterojunction FET according to a fourth embodiment of the 
invention. In FIG. 7, formed on a semi-insulat ive InP substrate 
701 are an undoped Ino.52Alo.42As buffer layer 702, an undoped 
Ino.53Gao.47As layer 703 which serves as an active layer, an 
undoped Ino.52Alo.4sAs layer 704 that serves as a spacer, an N-type 
In 0 .5 2 Al 0 .48As layer 705 doped with Te, which serves as a carrier 
supply layer for supplying electron to the active layer, and 
an undoped Ino.52Alo.4sAs layer 706. Reference numeral 707 
denotes an N + -type source area formed of a Si ion implanted area, 
708 denotes an N + -type drain area formed of Si ion implanted 
area, 709 denotes a source electrode formed of materials from 
AuGe/Ni group, 710 denotes a drain electrode formed of materials 
from AuGe/Ni group, and 711 denotes a gate electrode formed from 
WSi/W. 

The above structure is a hetero type structure which makes 
grid-align with respect to the InP substrate. In the fourth 
embodiment, since the N-type Ino.52Alo.4sAs layer 705, in which 
the carrier supply layer is doped with Te, is used, the same 
effect as that of the first embodiment can be obtained. The 
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manufacturing method of the heteroj unction FET according to the 
fourth embodiment is the same as that of the first embodiment 
excepting a point that epitaxial layers 702-706 are formed 
subsequently on the semi-insulat ive InP substrate 701 to form 
the epitaxial substrate. 

It is needless to say that, even when the N-type 
Ino.52Alo.4sAs layer 705 doped with Te, which serves as the carrier 
supply layer, is replaced with the N-type In 0 . 5 2Al 0 .48As layer 
doped with Se, the same effect as the above can be obtained. 

( Fifth embodiment ) 

FIG. 8 is a cross sectional view showing a structure of 
a heterojunction FET according to a fifth embodiment of the 
invention. In FIG. 8, formed on a semi-insulative InP substrate 
801 are an undoped Ino.52Alo.42As buffer layer 802, an N-type 
Ino.53Gao.47As layer 803 doped with Te, which serves as an active 
layer, and an undoped Ino.52Alo.4sAs layer 804 . Reference numeral 
805 denotes an N + -type source area formed of a Si ion implanted 
area, 806 denotes an N + -type drain area formed of a Si ion 
implanted area, 807 denotes a source electrode formed of 
materials from AuGe/Ni group, 808 denotes a drain electrode 
formed of materials from AuGe/Ni group, and 809 denotes a gate 
electrode formed from WSi/W. 

The fifth embodiment has a hetero-type structure same as 
that shown in FIG. 7, and the structure is the same as the that 
of the fourth embodiment excepting a point that no carrier 
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supply layer is provided, and the active layer is doped with 
Te. According to the fifth embodiment, since the N-type 
Ino.53Gao.47As layer 803 doped with Te is used as the active layer, 
the same effect as that of the first embodiment can be obtained. 
The manufacturing method of the heteroj unction FET according 
to the fifth embodiment is the same as that of the first 
embodiment excepting a point that epitaxial layers 802-804 are 
formed subsequently on the semi-insulative InP substrate 801 
to form the epitaxial substrate. 

It is needless to say that, even when the N-type 
Ino.53Gao.47As layer 803 doped with Te, which serves as the active 
layer, is replaced with the N-type Ino.53Gao.47As layer doped with 
Se, the same effect as the above can be obtained. 

As described above, in the first to the third embodiments, 
the heterojunction FET of AlGaAs/ InGaAs group, in which an 
InGaAs layer on a GaAs substrate is used as the active layer, 
has been described. And in the fourth and fifth embodiments, 
heterojunction FET of I nAlAs/ InGaAs group in which an InGaAs 
layer on an InP substrate is used as the active layer has been 
described. The invention is applicable to a heterojunction FET 
of AlGaAs/GaAs group in which a GaAs layer on a GaAs substrate 
is used as the active layer, and to a heterojunction FET of 
InGaAs/InP group, in which an InP layer on an InP substrate is 
used as the active layer in the same manner. Embodiments of 
these applications will be described bellow. 
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(Sixth embodiment) 

FIG. 9 is a cross sectional view showing a structure of 
a heterojunction FET according to a sixth embodiment of the 
invention. In FIG. 9, formed on a semi-insulat ive GaAs 
substrate 901 are an undoped GaAs layer 902 which serves as an 
active layer, an undoped Alo. 2 Ga 0 . 8 As layer 903 which serves as 
a spacer, an N-type Al 0 . 2 Ga 0 . 8 As layer 904 doped with Te, which 
serves as a carrier supply layer, and an undoped GaAs layer 905. 
Reference numeral 906 denotes an N + -type source area formed of 
an Si ion implanted area, 907 denotes an N + -type drain area 
formed of an Si ion implanted area, 908 denotes a source 
electrode formed of materials from AuGe/Ni group, 909 denotes 
a drain electrode formed of materials from AuGe/Ni group, and 
910 denotes a gate electrode formed from WSi/W. 

The sixth embodiment is an example in which the active 
layer is a GaAs layer and the carrier supply layer is an AlGaAs 
layer. In the sixth embodiment, since the Al 0 . 2 Ga 0 .8As layer 904 
doped with Te is used as the carrier supply layer, the same effect 
as that of the first embodiment can be obtained. The 
manufacturing method of the heterojunction FET according to the 
sixth embodiment is the same as that of the first embodiment 
excepting a point that epitaxial layers 902-905 are formed 
subsequently on the semi-insulat ive GaAs substrate 901 to form 
epitaxial substrate . 

It is needless to say that, even when the N-type Al 0 . 2 Ga 0 .8As 
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layer 904 doped with Te, which serves as the carrier supply layer, 
is replaced with the N-type Al 0 . 2 Ga 0 .8As layer doped with Se, the 
same effect as the above can be obtained. 
( Seventh embodiment ) 

FIG. 10 is a cross sectional view showing a structure of 
a heterojunction FET according to a seventh embodiment of the 
invention. In FIG. 10, formed on a semi-insulat ive GaAs 
substrate 1001 are an undoped GaAs buffer layer 1002, an N-type 
GaAs layer 1003 doped with Te, which serves as an active layer, 
an undoped Al 0 .2Ga 0 .8As layer 1004 , and an undoped GaAs layer 1005 . 
Reference numeral 1006 denotes an N + -type source area formed 
of a Si ion implanted area, 1007 denotes an N + -type drain area 
formed from a Si ion implanted area, 1008 denotes a source 
electrode formed of materials from AuGe/Ni group, 1009 denotes 
a drain electrode formed of materials from AuGe/Ni group, and 
1010 denotes a gate electrode formed from WSi/W. 

The seventh embodiment is an example of a case in which 
no carrier supply layer is provided and the active layer is an 
N-type GaAs layer doped with Te. According to the seventh 
embodiment, since the N-type GaAs layer 1003 doped with Te is 
used as the active layer, the same effect as that of the first 
embodiment can be obtained. The manufacturing method of the 
heterojunction FET according to the seventh embodiment is the 
same as that of the first embodiment excepting a point that 
epitaxial layers 1002-1005 are formed subsequently on the 
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semi-insulative GaAs substrate 1001 to form epitaxial 
substrate . 

It is needless to say that, even when the N-type GaAs layer 
1003 doped with Te, which serves as the carrier supply layer, 
is replaced with the N-type GaAs layer doped with Se, the same 
effect as the above can be obtained. 

(Eighth embodiment ) 

FIG. 11 is a cross sectional view showing a structure of 
a heterojunction FET according to an eighth embodiment of the 
invention. In FIG. 11, formed on a semi-insulative InP 
substrate 1101 are an undoped InP buffer layer 1102, an N-type 
InP layer 1103 doped with Te, which serves as an active layer, 
an undoped In 0 . 52AI0. 4sAs layer 1004, and an undoped InP layer 
1105. Reference numeral 1106 denotes an N + -type source area 
formed of an Si ion implanted area, 1107 denotes an N + -type drain 
area formed of an Si ion implanted area, 1108 denotes a source 
electrode formed of materials from AuGe/Ni group, 1109 denotes 
a drain electrode formed of materials from AuGe/Ni group, and 
1110 denotes a gate electrode formed from WSi/W. 

The eighth embodiment is an example of a case in which 
no carrier supply layer is provided and the active layer is an 
N-type InP layer doped with Te . According to the eighth 
embodiment, since the N-type InP layer 1103 doped with Te is 
used as the active layer, the same effect as that of the first 
embodiment can be obtained. The manufacturing method of the 
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hetero junction FET according to the eighth embodiment is the 
same as that of the first embodiment excepting a point that 
epitaxial layers 1102-1105 are formed subsequently on the 
semi-insulative InP substrate 1101 to form epitaxial substrate. 

It is needless to say that, even when the N-type InP layer 
1103 doped with Te, which serves as the active layer, is replaced 
with the N-type InP layer doped with Se, the same effect as the 
above can be obtained. 

Further, in the above description, in the case of a 
structure in which an N-type carrier supply layer is provided, 
it is such structured that the N-type carrier supply layer is 
formed at the upper side of the active layer. However, it is 
needless to say that the invention is applicable in the same 
manner as the above to a double-hetero structure in which the 
N-type carrier supply layers are provided at the both sides of 
the active layer. In this case, any one of the two N-type 
carrier supply layers formed at the both sides of the active 
layer may be doped by Se or Te; thereby the effect of the 
invention is obtained. However, when the both sides are doped 
with Se or Te, a higher effect can be obtained. 

Furthermore, it is needless to say that the invention is 
also applicable to an LDD (Lightly Doped Drain) structure in 
which an N-type area having a medium carrier density is formed 
between an N + -type source/drain area and a gate electrode. 

Still further, it is needles to say that the same effect 
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can be obtained even when the film structure, film composition 
or the like of the epitaxial substrate including the gate 
electrode structure and buffer layer are appropriately altered. 

As described above, in an N-type carrier supply layer or 
N-type active layer of a heteroj unction epitaxial substrate 
included in AlGaAs/InGaAs group, InAlAs/InGaAs group, 
AlGaAs/GaAs group, or the like, doping with Se or Te is made 
in place of Si which is conventionally used. In high 
temperature annealing process for activating the ion implanted 
areas, which serves as source and drain areas, unlike the Si 
donor, inactivation of donor due to reaction with F-atoms occurs 
scarcely with respect to the diffusion of F-atoms on the surface 
of the epitaxial substrate, which adhered during the process. 
Further, since the Se and Te are impurities from Vl-family, when 
the Se or Te occupies any grid position of atoms from Ill-family 
or V-family, the Se or Te serves as the donor. Accordingly, 
a high performance heteroj unction FET of little deterioration 
of the FET characteristics can be obtained. 
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